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MULTI-RESOLUTION INSPECTION SYSTEM 
AND METHOD OF OPERATING SAME 

BACKGROUND 

[0001] The invention relates generally to the field of inspection techniques and, 
more particularly, to automated inspection techniques employed in a manufacturing 
environment. 

[0002] In a manufacturing environment, it may be desirable to inspect a work 
piece either before, during, or after the work piece is manufactured to ensure that the 
work piece is manufactured without defects. In some cases, a visual inspection of the 
work piece is sufficient to determine if the work piece has any defects, such as 
scratches, cracks, or other surface abnormalities. However, in other cases, the size of 
a defect may be so small that a person making a visual inspection of the work piece 
will not be able to see the defect. 

[0003] As a result, various types of inspection systems and methods have been 
developed to facilitate the inspection of work pieces in a manufacturing environment. 
In general, these inspection techniques are used to inspect precision parts to identify 
any errors or surface defects in the work pieces. For example, inspection systems are 
used to measure the characteristics of a work piece to check for any shape 
deformations. In addition, inspection systems have been used to measure the 
dimensions of critical features of the work pieces in order to verify that the 
dimensions of the work piece are correct. In certain applications, the size of a surface 
defects may be so small that a high-resolution scanning system is needed to enable the 
surface defect to be seen and identified. Automated inspection systems have been 
developed that are capable of automatically scanning a work piece and obtaining the 
desired information. 

[0004] However, scanning the entire surface area of a work piece with a high- 
resolution scanning system may greatly increase the inspection time and, therefore, 
the production time of the work piece. In addition, the inspection time increases with 
the size of the work piece. Thus, performing a high-resolution scan of a large work 
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piece may take a considerable amount of time. Therefore, it would be desirable to 
have a technique that enables a work piece to be scanned for surface defects in a more 
efficient manner. More specifically, it would be desirable to have a technique that 
enabled small defects in large work pieces to be identified in a more efficient manner. 

BRIEF DESCRIPTION 

[0005] Briefly, in accordance with one aspect of the present invention, an 
inspection system comprising a first scanning system having a first resolution and a 
second scanning system having a second resolution is provided. The first scanning 
system is operable to perform a first resolution scan of a surface area of an object to 
identify a location of a surface abnormality in the object. The second resolution is a 
higher resolution than the first resolution. The second scanning system is operable to 
receive the location of the surface abnormality from the first scanning system and to 
automatically perform a scan of a defined region of the object around the location of 
the surface abnormality identified by the first scanning system. 

[0006] In accordance with another aspect of the present invention, a method of 
inspecting a part is provided. The method comprises directing a first scanning system 
to automatically perform a first scan of an object using a first resolution to identify a 
location of a surface abnormality. The method may also comprise coupling the 
location of the surface abnormality to a second scanning system and directing the 
second scanning system to automatically perform a second scan of a defined portion 
of the object at the location of the possible surface defect using a higher resolution 
than the first resolution. 

DRAWINGS 

[0007] These and other features, aspects, and advantages of the present invention 
will become better understood when the following detailed description is read with 
reference to the accompanying drawings in which like characters represent like parts 
throughout the drawings, wherein: 
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[0008] FIG. 1 is a diagrammatical representation of an exemplary inspection 
system for inspection of precision parts, in accordance with aspects of the present 
technique; 

[0009] FIG. 2 is a flow chart illustrating a method of inspecting an object using the 
system of FIG. 1, in accordance with aspects of the present technique; 

[0010] FIG. 3 is a diagrammatical view of an inspection process using the system 
of FIG. 1 and the method of FIG. 2, in accordance with aspects of the present 
technique; 

[0011] FIG. 4 is a view of an image of an object showing a surface abnormality 
obtained from a first scanning system of the inspection system of FIG.l, in 
accordance with aspects of the present technique; 

[0012] FIG. 5 is a view of a two-dimensional image of the object showing the 
surface abnormality obtained from a second scanning system of the inspection system 
of FIG.l, in accordance with aspects of the present technique; 

[0013] FIG. 6 is a view of a three-dimensional image of the object obtained from 
the second scanning system of the inspection system of FIG.l, in accordance with 
aspects of the present technique; 

[0014] FIG. 7 is a graphical representation of a set of two-dimensional data 
obtained from a region having a possible surface defect by the inspection system of 
FIG. 1 , in accordance with aspects of the present technique; and 

[0015] FIG. 8 is a graphical representation of a set of three-dimensional data from 
a region having a possible surface defect obtained by the inspection system of FIG.l, 
in accordance with aspects of the present technique. 

DETAILED DESCRIPTION 

[0016] Referring now to FIG. 1, an automated multi-resolution inspection system, 
represented generally by reference numeral 10, is illustrated. The multi-resolution 
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inspection system 10 comprises a part fixture 12 operable to support a work piece 14. 
In addition, the illustrated embodiment of the multi-resolution inspection system 10 
comprises a first scanning system 16, a second scanning system 18, and a third 
scanning system 20 configured to inspect the work piece 14. However, a fewer 
number of scanning systems may be used in the multi-resolution inspection system 
10. 

[0017] The first scanning system 16 is operable to perform a first scan of a surface 
area 22 of the work piece 14 to identify the location of any surface abnormalities in 
the work piece 14. The surface area 22 may be the entire visible surface area of the 
work piece 14 or a smaller portion of the work piece 14. The first scanning system 16 
has a resolution that enables it to identify surface abnormalities of a specified size. In 
the illustrated embodiment, the first scanning system 16 comprises a machine vision 
system that is operable to provide a basic analysis of shapes, sizes, and positions to 
enable the first scanning system 16 to locate any surface abnormalities that may be 
surface defects. In addition, the first scanning system 16 is operable to provide the 
second scanning system 18 with the location of the surface abnormalities. The fixture 
may rotate the work piece 14, as represented by the arrow 28, so that a first scan of 
the entire surface area 22 of the work piece 14 is performed by the first scanning 
system 16. Additionally, the first scanning system 16 may be moved horizontally, as 
represented by the arrow 30, to facilitate the scanning of the surface of the work piece 
14 by the first scanning system 16. 

[0018] In the illustrated embodiment, the second scanning system 18 receives the 
location of the surface abnormality from the first scanning system 16 and performs a 
second scan of a defined region 24 of the work piece 14 encompassing a surface 
abnormality identified by the first scanning system 16. If multiple surface 
abnormalities are identified, the second scanning system 1 8 performs a separate scan 
of each surface abnormality. The second scanning system 1 8 has a higher resolution 
than the resolution of the first scanning system 16. The higher resolution provided by 
the second scanning system enables the system or an operator to determine whether 
the surface abnormality is an acceptable feature or a defect. Preferably, the second 
scanning system 1 8 has a resolution sufficient to give the second scanning system 1 8 
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the ability to measure a specific surface feature to a level of ten times the tolerance for 
a defect. 

[0019] The second scanning system 18 is operable to provide two-dimensional 
data for each defined region 24 around each surface abnormality. In the illustrated 
embodiment, the second scanning system 18 also comprises a machine vision system. 
However, other types of scanning systems may be used, such as a probe or an 
interferometer. The second scanning system 18 also may be operable to perform a 
three-dimensional scan of the work piece 14, thereby enabling the second system 18 
to provide three-dimensional data, in addition to two-dimensional data. In the 
illustrated embodiment, the second scanning system 18 is configured to move in a 
radial direction, as represented by the arrow 32, to enable the second scanning system 
18 to scan the defined area 24. 

[0020] In the illustrated embodiment, a third scanning system 20 is provided to 
obtain three-dimensional data for the surface abnormality, such as an image of the 
surface abnormality and the parameters of the surface abnormality. The location of 
each surface abnormality may be provided to the third scanning system by either the 
first scanning system 16 or the second scanning system 18. The third scanning 
system 20 is configured to move in a direction, represented by arrow 34, to obtain the 
dimensional characteristics of the surface abnormality in the defined region 26 around 
the location of a surface abnormality. Examples of three-dimensional scanning 
systems 20 include an inductive probe, a passive probe, and a laser probe. However, 
other types of scanning systems may be used. 

[0021] Referring generally to FIGs. 1 and 2, a method of performing an automated 
inspection of a work piece using the multi-resolution inspection system 10 of FIG. 1 
is illustrated in FIG. 2, and represented generally by reference numeral 36. Initially, 
the work piece 14 is positioned on the fixture 12 to enable the system 10 to 
automatically inspect the work piece 14, as represented by block 38. 

[0022] The method of inspection comprises performing a first resolution scan of 
the work piece 14 automatically using the first scanning system 16, as represented by 
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block 40. The scan may be performed over the entire surface area of the work piece 
14 or over a smaller area of the work piece 14. The first scanning system 16 is used 
to identify the location of a surface abnormality, such as a surface defect, as 
represented by block 42. The method may also comprise defining a region around 
each possible surface defect for performing a second scan with the second scanning 
system 18, as represented by block 44. The region of the object to be scanned with 
the second scanning system 1 8 is defined to be large enough to encompass the surface 
abnormality, but is smaller than the surface area 22 of the work piece 14 scanned by 
the first scanning system 16. A user may be able to define the size of the surface 
abnormality that will be identified by the system 10 as the location of a possible 
surface defect, as represented by block 46. 

[0023] The method of inspection also comprises performing a second scan of each 
of the defined regions of the work piece 14 around a surface abnormality 
automatically using the second scanning system 18, as represented by block 48. The 
resolution of the second scanning system 1 8 is a higher resolution than the resolution 
of the first scanning system 16. The second resolution scan may be used to provide 
an image of each defined region 24, two-dimensional data representative of each 
defined region 24, and/or a graphical representation of each defined region, as 
represented by block 50. A user may evaluate the image, the two-dimensional data, 
and the graphical representation obtained from the second scanning system 18 and 
determine whether the surface abnormality is an actual surface defect or is an 
acceptable abnormality. The efficiency of the inspection process is improved by 
scanning only those regions of the work piece 14 that have been identified as being 
abnormal or having a possible surface defect with the higher resolution second 
scanning system 18. The second canning system 18 is not used to scan large portions 
of the work piece 14 that do not have surface abnormalities. 

[0024] The method also comprises defining a region 26 around a possible surface 
defect for performing a three-dimensional scan with the third scanning system 20, as 
represented by block 52. The region 26 for performing the three-dimensional scan 
may be the same region as the region 24 scanned by the second scanning system 18. 
However, based on the results of the second scan, the number of regions to be 
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scanned with the third scanning system 20 may be a lesser number than the number of 
regions 24 scanned by the second scanning system 18. A user may provide the 
parameters to define the regions 26 of the work piece 14 to be scanned with the third 
scanning system 20, as represented by block 54. 

[0025] The inspection method may also comprise performing a three-dimensional 
scan of the defined regions 26 of the work piece 14, as illustrated in block 56. The 
three-dimensional scan may be used to provide an image of the defined region 26, 
three-dimensional data representative of the defined region 26, and/or a graphical 
representation of the region 26 of the surface abnormality, as represented by block 58. 
A user may evaluate the image, the three-dimensional data, and the graphical 
representation and determine whether the surface abnormality is an actual surface 
defect or an acceptable feature. 

[0026] Referring generally to FIG. 3, a diagrammatical representation of an 
automated inspection performed by the inspection system setup of the multi- 
resolution inspection system of FIG. 1 using the method of FIG. 2 is illustrated, and 
represented generally by reference numeral 60. In a presently contemplated 
configuration, the first scanning system 16 is positioned over the work piece 14 for 
performing a first resolution scan of the work piece 14. Further, an illumination 
source 62 may be provided to facilitate the performance of the first resolution scan of 
the work piece 14. The illumination source 62 may project light 64 to illuminate the 
surface 22 of the work piece 14. In the illustrated embodiment, the first scanning 
system 16 comprises a machine vision system. The machine vision system comprises 
a machine vision camera that converts visual images into a digital signal to enable the 
first scanning system 16 to perform a basic analysis of shapes, sizes and positions of 
the features of the work piece 14. 

[0027] However, scanning systems other than a machine vision system may be 
used. For example, the first scanning system 16 may be a charge-coupled device 
camera. In addition, in the illustrated embodiment, the first scanning system 16 is a 
low-resolution scanning system having a resolution of a few thousands of an inch. 
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[0028] The first scanning system 16 is operable to generate a first resolution image 
66 of the work piece 14. The first resolution image 66 may be used by the system 10 
to establish feature locations relative to other features and to locate possible defect 
areas. The first resolution image 66 is then received by control circuitry 68 that is 
coupled to the first scanning system 16. In the illustrated embodiment, the control 
circuitry 68 includes a processor 70 and a memory device 72. The memory device 72 
stores a reference image of the surface area of the work piece 14. The processor 70 
receives the first resolution image 66 of the object and compares the first resolution 
image 66 with the reference image stored in the memory device 72. When the 
difference between the scanned image 66 and the reference image exceeds a defined 
value or size, the first scanning system 16 identifies the location of the first resolution 
image 66 as the location of a surface abnormality and, thus, a possible surface defect. 

[0029] Additionally, an operator interface 74, such as a computer, is coupled to the 
control circuitry 68 to enable a user to control the operation of the first scanning 
system 16. The first scanning system 16 enables a first resolution image 66 of the 
work piece 14 to be visible to a user of the system 16 via a monitor 76. A user 
interface 78 may be provided to enable a user to provide an input 80 to the control 
circuitry 68, such as a definition of the size of a defect or surface abnormality that will 
be identified by the system 16 as a surface abnormality or possible surface defect. An 
interface 82 is provided to couple the location of a surface abnormality to the second 
scanning system 18. 

[0030] The second scanning system 18 receives the location 84 of an area of the 
work piece 14 for performing a second resolution scan 86 from the first scanning 
system 16. The region 86 of the work piece 14 around the location of the surface 
abnormality is identified by the control circuitry 68 for the second resolution scan. 
The second scanning system 18 automatically performs a second resolution scan of 
the defined region 86 of the object around the location of the surface abnormality. It 
should be noted again that, the second scanning system 18 has a higher resolution 
than the first scanning system 16. An illumination source 62 may be provided with 
the second scanning system 1 8 to facilitate the scanning of the defined region 86 of 
the work piece 14. As with the first scanning system 16, the second scanning system 
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1 8 in the illustrated embodiment comprises a machine vision system. However, the 
second scanning system 18 may use other types of devices, such as a digital 
comparator or an interferometer. In addition, the second scanning system 18 is a 
high-resolution scanning system. For example, the second scanning system 18 may 
have a resolution of 0.000001 inch, as opposed to a resolution of a few thousands of 
an inch of the first scanning system 16. The second scanning system 18 is operable to 
provide two-dimensional data for the surface abnormality in the defined region 86. 
As noted above, the second scanning system 18 may also be operable to provide 
three-dimensional data for the surface abnormality. 

[0031] The second resolution scan 88 obtained by the second scanning system 18 
enable the system 1 8 provide a two-dimensional profile map 90 of the defined region 
86 of the work piece 14. In addition, the second resolution scan 88 may also enable 
the system 1 8 to provide a measurement of a dimension 92 of the surface abnormality 
in the defined region 86 of the work piece 14. The dimension 92 may be the height or 
depth of the surface abnormality. Alternatively, the dimension 92 may be the width 
or length of the surface abnormality. 

[0032] Further, the second scanning system 18 may be coupled to the control 
circuitry 68 used by the first scanning system 16. However, the second scanning 
system 18 may also have its own control circuitry 68. In the illustrated embodiment, 
the control circuitry 68 identifies a region to be scanned by the three-dimensional 
scanning system 20. As with the first scanning system, the control circuitry 68 
compares the characteristics of the two-dimensional profile of the defined region of 
the object with a reference two-dimensional profile stored in the memory device 72. 
The control circuitry 68 is operable to identify a region 94 containing a surface 
abnormality or possible defect 96 for performing a three-dimensional scan with the 
third scanning system 20. 

[0033] The third scanning system 20 is operable to perform a three-dimensional 
scan of the identified surface abnormality 96 to produce a three-dimensional image 98 
of the surface abnormality within the defined region 94 of the work piece 14. The 
third scanning system 20 is operable to generate a series of three-dimensional profiles 
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100 within the defined region 94 of the object. The third scanning system 20 is 
coupled to the processor 70 to process the three-dimensional measurement data 102. 
Additionally, the measurement data 102 is visible to a user via a monitor 76 of a 
computer 74. The three-dimensional scan data 102 available to the user of the system 
may include a graphical representation 104 of the three-dimensional scan of the 
surface abnormality 96 and various dimensional parameters 106 of the surface 
abnormality 96. The dimensional parameters 106 may include the height, width, and 
depth of the surface abnormality 96. 

[0034] Referring generally to FIG.4, an example of an image 108 of the work 
piece 14 generated from the first scanning system 16 is illustrated. The image 108 
may enable a user to identify the location of a possible defect 110. 

[0035] Referring generally to FIG. 5 a two-dimensional image 112 obtained from 
the second scanning system is illustrated. The two-dimensional image 112 provides a 
higher resolution image 1 16 of the surface abnormality within the surface area 1 14 of 
the work piece 14. As shown, the resolution of the image 112 generated from the 
second scanning system 18 is higher than the resolution of the image 108 obtained 
from the first scanning system 16, illustrated in FIG. 4. In general, the resolution of 
the image 112 is at least ten times smaller than the tolerance of the feature. The 
image 1 12 is generated by scanning a small region of the work piece 14 surrounding 
the location of the surface abnormality. 

[0036] FIG. 6 illustrates an example of a three-dimensional image 118 of a 
possible surface defect in the work piece 14. The three-dimensional image 118 may 
be generated by the second scanning system 18. The three-dimensional image 118 
shows the defect or the surface abnormality 120 in the object in a three-dimensional 
view. Furthermore, the dimensions 122 of the defect 120 may be obtained using the 
three-dimensional image 118 shown in FIG.6. 

[0037] FIG. 7 illustrates a graphical representation 124 of two-dimensional data 
obtained by the second scanning system 18. The graphical representation has an x- 
axis 126 and a y-axis 128 that enables a user to define the height "H" and width "W" 
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of the possible defect. The x-axis 126 may represent the width of the surface 
abnormality 116 and the y-axis may represent the height or the depth of the surface 
abnormality 1 16. Alternatively, the x-axis 126 may represent the height or the depth 
of the surface abnormality 116 and the y-axis 128 may represent the width of the 
surface abnormality 116. A series 130 of graphs of dimensional data from a plurality 
of scans is illustrated. 

[0038] The system 10 may be programmed to identify a work piece 14 as defective 
if the dimensions of the surface abnormality exceed defined limits programmed into 
the system 10. Alternatively, an inspector may use the image of the surface 
abnormality, the dimensional data, and the graphical representation to determine 
whether the surface abnormality is within acceptable limits or is a defect. 

[0039] FIG. 8 illustrates a graphical representation 132 of three-dimensional data 
132 generated by the inspection system of FIG. 1. The three-dimensional profile 132 
may be used to quantitatively measure a small feature, such as of a crack. The three- 
dimensional graphical representation 132 provides measurement data, such as the 
height "H'\ and the width "W", and the length "L", of the defect. As with the data 
above, an inspector may use the image, the dimensional data, and the graphical 
representation to determine if the surface abnormality is within acceptable limits or is 
a defect. 

[0040] The inspection technique described provides an efficient inspection 
methodology for inspecting work pieces that require a high-resolution scan to identify 
a surface defect. The technique utilizes a lower resolution scanning system to 
perform an initial scan of the work piece to identify locations of possible surface 
defects. The lower resolution scanning system is operable to scan at a much faster 
speed than the higher resolution scanning system. This technique enables the higher 
resolution scanning system to be used only where there is already some indication of a 
surface abnormality or defect. Please note that the multi-resolution scanning system 
10 may be a single scanning device or one or more devices that have the ability to 
perform different scanning functions. For example, the first scanning system 16 and 
the second scanning system 18 may be a single scanning device operable to perform 
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scans with different resolutions. Similarly, the second scanning system 18 and the 
third scanning system 20 may be one device that has the ability to perform a high- 
resolution two-dimensional scan and a high-resolution three-dimensional scan. 

[0041] The various aspects of the inspection technique described above may be 
used in various manufacturing environments. For example, aircraft engines have a 
number of components that are formed by various manufacturing operations. These 
components require inspection with a relatively high-resolution system to enable 
surface defects to be identified. Preferably, these defects are identified early in the 
manufacturing process, so that defective parts may be corrected or discarded in the 
early stages of manufacturing. As noted above, the inspection technique described 
herein enables quantitative characterization of the defects and features efficiently and 
effectively. This inspection technique also may be used in other applications For 
example, in the automobile industry the technique may be used for automatically 
detecting flaws and providing quantitative data of these defects and any other required 
features of any automobile components or machinery. 

[0042] While only certain features of the invention have been illustrated and 
described herein, many modifications and changes will occur to those skilled in the 
art. It is, therefore, to be understood that the appended claims are intended to cover 
all such modifications and changes as fall within the true spirit of the invention. 
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